Evaporation is an important component of the hydrological cycle. Potential evaporation (PE) from a vegetated surface is the amount of water that would be lost to the atmosphere were the supply unlimited; actual evaporation (AE) is a fraction of PE dependent on soil wetness. Many formulae exist for estimating PE from meteorological data. PE is usually a required input, with rainfall, for hydrological modelling, but PE accuracy is generally considered less important than rainfall accuracy for model performance. Few studies investigate historical evaporation trends in Britain, but generally indicate increases. Most studies presenting future PE projections for Britain indicate increased annual PE, but some suggest small decreases in some months. Limited consensus on the best formulae to derive PE projections from climate model data is further complicated by possible changes in plant behaviour (transpiration and growth) under higher carbon dioxide concentrations.
INTRODUCTION
Evaporation transfers water from the land-surface to the atmosphere, so is an important part of the hydrological cycle. While there is ongoing debate on terminology (Lhomme ; Cain et al. ) , here the terms evaporation and evapotranspiration each encompass transfer via both evaporation (loss of water lying on a surface, e.g., lake, soil, leaf) and transpiration (loss via plant stomata). Potential evaporation (PE or PET) is generally considered as the amount of water that would be lost to the atmosphere if there were no limits to soil-moisture supply (Federer et al. ) . So actual evaporation (AE or AET) can be estimated as a fraction of PE dependent on soil wetness; it can be less than PE if soils are dry, but generally cannot be greater than PE. PE is difficult to measure directly, although several techniques attempt to measure AE. Some of the complexities of measuring and modelling evaporation are described by Shuttleworth () .
Four meteorological variables influence PE: radiation (or sunshine), temperature, humidity (or vapour pressure) and wind speed. Further variables influence the transpiration component: plant height, rooting depth, leaf area and vegetation roughness. Thus PE varies for different plant types. To simplify matters, the 'reference crop' concept was introduced, with average crop parameters provided for estimation of reference PE. The reference crop is often short grass (Pereira et al. ) . Many formulae have been developed for estimating PE, some for particular reference crops and some where crop parameters can be specified.
The simplest, empirical formulae involve a single meteorological variable (e.g., the temperature-based formulations of Thornthwaite () , Hamon () and Oudin et al. (a)), while the most complex and physically based formulae involve all four meteorological variables (e.g., Penman-Monteith; Monteith ) , with a range in between (e.g., Blaney-Criddle, involving temperature and sunshine (Blaney & Criddle ) , and Priestley-Taylor, involving temperature and radiation (Priestley & Taylor ) ). 
BACKGROUND Penman-Monteith PE, MORECS and MOSES
Penman-Monteith PE for short grass (m/s) is given by: Oudin et al. (a, b) found no significant improvements in river flow simulation when using PE timeseries, rather than climatological PE, as input to their four rainfall-runoff models for 308 catchments, although they noted that arid and/or small catchments (PE ! rainfall; area <150 km 2 ) generally gained more benefit from timeseries than wet and/or large catchments.
PE, AE and hydrology in Britain
Monthly MORECS short grass PE is often used to provide hydrological model inputs in Britain. Figure 1 The maps in Figure 1 , using annual mean data, are only indicative; PE/rainfall and AE/PE patterns will vary monthto-month and year-to-year (e.g., AE in the north-west could also be water-limited in a hot, dry summer like that of 1976; see Rodda & Marsh () ). To illustrate the effect of seasonal variation of PE and rainfall on AE and runoff, close to rainfall and a slightly larger difference between PE and AE. In the dry/water-limited catchment PE > rainfall for the middle part of the year, leading to higher SMDs and AE < <PE, with reduced AE as summer progresses (peak AE precedes peak PE). A given PE change for a wet/energy-limited catchment is likely to result in a similar AE change, whereas the same PE change for a dry/water-limited catchment is likely to result in little AE change (assuming little/no rainfall change). Thus 
HISTORICAL TRENDS PE and AE trends in Britain
There are few published analyses of historical evaporation trends in Britain, and most look at specific sites; none has national coverage. Their correlation analyses suggest the recent decline is due to increasing soil moisture limitation, but the time periods studied are too short to imply trends; differences could be due to decadal variability. ), and that the same bias applies for future periods. Wilby & Harris () use data from four GCMs (2080s A2 and B2) with statistical downscaling for the Thames.
FUTURE PROJECTIONS

PE projections for Britain
They obtain PE increases of 5-43% in winter and 11-22% in summer, but for two GCMs, the summer changes are larger than winter, with the opposite for the other two Comparisons over Britain, using data from the HadRM3 RCM for , showed that using RCM r c gave PE comparable with MORECS, but generally lower than when using MORECS' 12 fixed monthly r c values, particularly in spring. Similarly, for 2070-2099, using RCM r c gave lower PE than when using fixed r c . Looking at percentage PE changes between the two periods, using fixed r c gave increases of 15-34%, whereas using RCM r c gave significantly lower increases (3-7%). () showed that the global drought severity trend is exaggerated when modelled using Thornthwaite PE rather than Penman-Monteith PE, while Milly & Dunne () showed that using Jensen-Haise PE for 10 catchments in the USA gave smaller runoff changes than suggested by the driving climate models directly.
Betts et al. () modelled change in continental runoff
under a doubling of CO 2 , and showed that including the effect of stomatal closure led to larger runoff increases (17 ± 5%) than including only radiative forcing (11 ± 6%).
The difference was slightly less when changes in land cover and leaf area were also included. Similar effects were seen for percentage changes in flood peaks in the Thames, using data from the UKCP09 11-member RCM perturbed-physics ensemble to drive the G2G hydrological model (Bell et al. ) ; changes were higher when averaged over the six members which included stomatal closure, and lower when averaged over the five members which did not.
However, simultaneous variation of other parameters in the perturbed-physics ensemble means that this should be interpreted with caution. For each region of the globe, the answer requires investigation of: (1) which meteorological variables are most important for PE changes (i.e., the necessary level of complexity), and (2) the reliability of each of these meteorological variables when taken from different climate models. Together, these could enable the derivation of improved PE projections, and so improved hydrological projections. Further investigation is also needed into feedbacks between climate change and plant transpiration and growth. Clarification of the best ways to measure/model evaporation would also be useful for detection and attribution, as evaporation trends are easier to detect and attribute than precipitation or runoff trends (Ziegler et al. ; Douville et al. ) .
DISCUSSION AND CONCLUSIONS
